e x h i b i t asymptotic conr:sn?~>n-ti.on fie1I.d~ having an ex"crema1y high r e l a t i v e i n t e n s i t y and slce~rness: assc:ci.a-ted with t h e s p a t i a l segwga-l-ion of t h e s p e c i e s .
INTRODUCTION -
The r a t e o f a homogeneous r e a c t i o n depends on t h e r a t e of encounter behieen r e a c t a n t molecules. Nlcn t h e r e a c t a n t s are no-t distribu-ted homogeneously t h e L encounter r a t e and hence t h e r e a c t i o n may be s i g n i f i c a n t l y a l t e r e d . One extreme h s i t u a t i o n which h a s been c a r e f u l l y anal-yzed using s i n g u l a r p e r t u r b a t i o n tech-L niques i s t h a t o f t h e d i f f u s i o n o f one substance i n t o a s e m i -i n f i n i t e medium containing a second substance with which it r e a c t s according t o a second-order
equation. The d i s t i n c t i o n between t h e honogeneous k i n e t i c r a t e and t h a t obtained i n t h e two s p e c i e s d i f f u s i o n example j u s t r e f e r r e d t o i s most pronounced i n t h e case of a very r a p i d s e a c t i o n , when t h e r e a c t i v e t i m e s c a l e i s orders of magnitude
s h o r t e r t h a n t h e time s c a l e of d i f f u s i o n . The l a t t e r time s c a l e is c l e a r l y t h e determining one when t h e two s p e c i e s a r e i n i t i a l l y segregated as i n t h e above example. Furthermore, t h e r e is ample experimental evidence2 ' suggesting t h a t
B f o r very fast r e a c t i o n s i n turbulence t h e asymptotic r e a c t i o n r a t e is o f t h e
-. I same order as t h e r a t e of t u r b u l e n t mixing, and not o f t h e k i n e t i c r a t e f o r 4 homogeneous r e a c t i o n s . Again, f o r very r a p i d r e a c t i o n s , t h e r e is a theory i n t h e case of two r e a c t a n t s with equal d i f f u s i v i t i e s which estimates t h e evolution of mean concentrations i n a t u r b u l e n t pipe flow r e a c t o r i n terms of t h e mixing char-
a c t e r i s t i c s o f t h e same r e a c t o r and t h e s e p r e d i c t i o n s a r e i n general agreement with measurem~nts. I n t h e case of s t o c h a s t i c a l l y d i s t r i b u t e d r e a c t a n t s which
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a r e approximately homogeneous i n t h e l a r g e , such a s one may encounter i n t u r b u l e n t l y -I s t i r r e d . c h e m i c a 1 r e a c t o r s , t h e f3.uctuations r e p r e s e n t inhomogeneities on a small s c a l e which may a l s o have a profound i n f l u e n c e on r e a c t i o n r a t e . I t i s t o t h e e x p l o r a t i o n of such a phenomena t h a t t h i s paper is addressed. S p e c i f i c a l l y , w e I s should pose t h e following problem. Given an i n i t i a l s t a t i s t i c a l d e s c r i p t i o n of I t h e d i s t r i b u t i o n of each s p e c i e s i n a f u l l y described t u r b u l e n t f l u i d and assuming I t h a t t h e l o c a l instantaneous r a t e of r e a c t i o n obeys t h e normal laws of homogeneous evolu-tion of a s i n g l e s p e c i e s i n a -t.u-rbulent f l u i d from an a r b i t r a r y , s t a t i s t i c a l l y pxsescribed, i n i t i a l s t a t e ( t h e t u r b u l e n t mixing problem). For p r a c t i c a l reasons t h e s e p r o 3 a 3 i l i t y l a w s a r e most ~l s e f u l l y p r e s w t e d i n terms o f t h e e v o l u t i o n of Zow oL~d.er moments o f t h e c o n c e n t r a t i c n frleld.
I n o r d e r t o i . s o l a t e flie r o l e of small s c a l e 5 l u c -t u a t i o n s from o t h e r e f f e c t s we s h a l l . assume s t a t i s t i c a l homogeneity of t h e randon c o n c e n t r a t i o n f i e l d s o f t h e two s p e c i e s , a second o r d e r i r r e v e r s i b l e i s o t h e r m a l r e a c t i o n and an extremely r a p i d r e a c t i o n rate a s compared t o any d i f f u s i v e o r convective time s c a l e i n t h e t u r b u l e n c e . That is, t h e r e a c t i o n is ' i n s t a n t a n e o u s ' . We w i l l a l s o assume t h a t
t h e t u r b u l e n c e i t s e l f i s homogeneous and we w i l l i g n o r e any dynamic o r chemical Tlie c:iis-l-ence of t r i i p l e c o n c e n t r a t i o n moments .i.n e q u a t i o n s (2.4 ) -to ( 2 . 7 ) demonstra.tes the ullclosed n a t u r e of t h e 1r.omel1.t F o r m d a t i o~l and t h e n e c e s s i t y : ; ldi1;o -,,.. of ~ii.i.xing i n t h e absence o f reaci-Lo11 t h a t the r o l e o f -the t u r b u l e n c e ;.:j I,urbic*S i n -t'>e gradient ~C ? I~E , S of ( 2 . In this paper3 we wish t o p o i n t ou-t t h a t i n t h e case of v e r y r a p i d r e a c t i o x s . I t h e randam f i e l d s decay i n two d i s t i n c t s t a g e s . There i s an i n i t i a l s t a g e which is e n t i r e l y dominated by t h e r e a c t i o n and f o r which exact s t o c h a s t i c s o l u t i o n s a r e p o s s i b l e i f t h e a p p r o p r i a t e i n i t i a l s t a t i s t i c a l d e s c r i p t i o n s a r e provided.
These s o l u t i o n s a r e v a l i d f o r ti-rnes much s h o r t e r t h a n t h e t i m e s c a l e s of turbulent: 
t i o n s i n t h e second s t a g e are t o be i n t e r p r e t e d i n t h e s e n s e I mentioned i n t h e i n t r o d u c t i o n . That i s , i f t h e p r o b a b i l i t y laws of t h e non-reacting
I t u r b u l e n t mixing problem a r e known t h e s o l u t i o n s f o r t h e r e a c t i n g s p e c i e s can be c o n s t r u c t e d .
.
. INITIAL STAGE OF THE REACTION For a v e r y r a p i d r e a c t i o n o f t h e k i n d we have d e s c r i b e d t h e k i n e t i c e q u a t i o n s v a l i d i n t h e i n i t i a l p e r i o d up t o a t i m e much
g r e a t e r t h a n f2-l are A O f s p e c i a l i n t e r e s t f o r our purposes a r e t h e follotring asymptotic r e s n l t s which follow d i r e c t l y from ( 3 . 5 ) . These are, of course, not t h e values a t t a i n e d a s y m p t o t i c a l l y by t h e system described .by (2.11, ( 2 . 2 ) and (2.3) b u t t h e y are -1 approached i n a time T such t h a t C T where T i s t h e time scale of '
T' T
t u r b u l e n t mixing of t h e system. irhc31.e there were none in: t i~l l y .
On t h e o t h e r liand under tEic same assumption o f initial s t a t i s t i c a l l~~~g c
Fc1.a t i.ve inpe!ls it-y of coiltentpa-tion f l u c t:uation:; even if t h e init.i;l.l Thcrv:for~ i n orc'ier t o make -the s i m p l e s t r e l e v a n t computations on The czsymp-tot.ic s t a t e of -the i n i t i a l p e r i o d we w i l l assume that each species . 
erhcz.e ----- 
JZ-
is easy t o show fn3;n (3.14) t h a t t h e r e is a lower bound on t h e r e l a t i v e i n t e n s i t y OF fluc-tua i-ion under t h e c i r c t~m s t a n c e s developed here. I.!am..ly, 
In a sirni.lar manner, l a r g e p o s i t i v e enurnhers a r e a l s o p r e d i c t e d a s lower bounds fox. t h e a s y m p t o t i c sketmesn and l t u r t o s i s o f t h e c o n c e n t r a t i o n f i e l d s .
Thc gcnezlal p i c t u r e which emerges o f t h e asymptotic s t a t e o f t h e i n i t i a l period is one i n which -the f l u c t~x a . t i o h s ape high1.y in-tense compared t o thc Incan and the p r o b a b i l j -t y d i s t r i b u t i o n o:E t h e concentra-t-.ioil f i e l d cannot
1 : e cor,s.i.clcred even a p p~~o x i m~i t c l y normal. These a r e c f c o u r s e t h e chnracl-cx.istics orle e x p c c t s fyom a s -t a t e i n which t h e ttro s p e c i e s a r e sesrega-teil s p a t i a l l y . I n t h e limit of an irTstantaneous r e a c t i o n ( o r no rnol.cculs1~ d i f f u s i o n ) segrtegat.ion 2s .the pllysical si.tua.tion r i h~c h arises , 4.
THE DIFFUSION CONTROLLED STAGE OF THE REACTION -
The a s y m p t o t i c c o n d i t i o n s d e r i v e d i n t h e p r e v i o u s s e c t i o n a r e n o t t r u e asymptotic states f o r t h e system d e s c r i b e d by (2.1) ( 2 . 2 ) and (2.3). A s s p a t i a l s e g r e g a t i o n of t h e two s p e c i e s is o b t a i n e d through t h e r e a c t i o n , molecular d i f f u s i o n of each s p e c i e s i n t o t h e o t h e r through i n t e r f a c e s u r f a c e s becomes more s i g n i f i c a n t , enhanced as always by t h e l i n e and s u r f a c e s t r e t c h i n g c h a r a c t e r i s t i c of turbulen-I: motions. The t r u e z s y m p t o t i c s t a t e of t h e i r r e v e r s i b l e r e a c t i o n s considered h e r e w i l l be t h e t c t a l d e p l e t i o n of one o r both of t h e r e a c t i n g s p e c i e s , t h e l a t e r c o n d i t i o n o c c u r r i n g when t h e i n i t i a l p r o p o r t i o n s a r e s t o i c h i om e t r i c . F o r vepy r a p i d r e a c t i o n s it i s necessary t o s o l v e t h e f u l l s e t o f e q u a t i o n s a r~
-+ u.vrA = D v 2 r A - a t - A C r~r~ (2.
1) where t h e i n i t i a l c o n d i t i o n s t o b e used are j u s t t h e asymptotic c o n d i t i o n s o f t h e k i n e t i c a l l y d r i v e n f i r s t s t a g e d e r i v e d i n s e c t i o n 3 . I n s p a t i a l terms t h e d e r i v a t i o n o f s e c t i o n 3 can b e c o n s i d e r e d t h e o u t e r s o l u t i o n of a s i n g u l a r p e r t u r b a t i o n problem, The i n n e r s o l u t i o n accounts f o r t h e r o l e of molecular d i f f u s i v i t y i n b r i n g i n g r e a c t i v e molecules t o g e t h e r a c r o s s t h e i n t e r f a c e s .
The d e t e r m i n a t i o n o f t h e e v o l u t i o n of c o n c e n t r a t i o n f i e l d s from t h e s e g r e g a t e d s t a t e c l e a r l y r e q u i r e s t h a t t h e v e l o c i t y f i e l d u b e f u l l y d e s c r i b e d
-.
s t a t i s t i c a l l y . Even t h e n any a t t e m p t a t a moment f o r m u l a t i o n encounters t h e 7 n o t o r i o u s d i -f f i c u l t i e s of t h e t u~b u l e n c e mixing problem as w e l l as t h e n o n l i n e a r i a s s o c i a t e d w i t h t h e r e a c t i o n . It w i l l b e .shown i n t h e f o l l o w i n g p a~a g r a p h s t h a t when t h e d i f f u s i v i t i e s of t h e two s p e c i e s are e q u a l t h e s o l u t i o n o f t h e problem posed by (2.1) (2.2) and (2.3) can be determined e n t i r e l y i n terms o f s o l u t i o n s t o t h e t u r b u l e n t mixing problem. S p e c i f i c a l l y , l e t PCx,tI be t h e p r o b a b i l i t y d e n s i t y o f X(,%, t ) where ~( 2 , t ) s a t i s f i e s and both g ( g , t ) and x o have an a r b i t r a r y s p e c i f i c s t o c h a s t i c d e s c r i p t i o n .
Then t h e p o b a b i l i t -1 d e n s i t i e s P I I ' A , t l , PCI' ,t] f o r t h e r e a c t a n t c o n c e n t r a t i o n s 13
Cescribed by (2.1) ( 2 . 2 ) and (2.3) can be determined from P h , t l provided t h a t A B except a t t h e r e a c t i o n s u r f a c e s t h e t h i c k n e s s e s of which approach molecular dimensions as t h e r e a c t i o n r a t e becomes i n f k t e . We n o t e t h a t t h e elementary requirements rA >, 0, rA r~ a r e s a t i s f i e d by t h e s e s o l u t i o n s and t h a t they include t h e p a r t i c u l a r s o l u t i o n proposed by Toor who assumed a normal d i s t r i b u t i o n f o r rA -rB. Let Y = XA -X~ whe--e X ( x , t ) and X ( x , t ) a r e t h e s o l u t i o n s of (4.4) and (4.5)
i t y of t h e l o s s term f o r s p e c i e s A and B i s caused by t h e i n t e r a c t i o n between t h e r e a c t i v e decay and t h e non similar d i f f us i v e ' l o s s of ,each s p e c i e s . I n t h e context of s i n g l e s p e c i e s r e a c t i o n s it has been shown t h a t an a c c u r a t e approximation can be obtained which ignores t h e i n t e r a c t i o n
A -Br e s p e c t i v e l y and t h e i r s o l u t i o n s a r e assumed known from t h e s e pure mixing To o b t a i n concrete a n a l y t i c a l r e s u l t s f o r t h e two s p e c i e s r e a c t i o n it i s necessary t o have a v a i l a b l e a pure mixing s i t u a t i o n f o r which a n a l y t i c a l r es u l t s a r e known. F o r t u n a t e l y i n t h e f i n a l period of turbulence pure mixing r es u l t s a r e o b t a i n a b l e and it is p r e c i s e l y i n t h a t regime t h a t t h e a c t u a l value of t h e d i f f u s i v i t y is most s i g n i f i c a n t . F i n a l p e r i o d turbulence i s , by d e f in i t i o n , t h a t s t a t e o f mixing i n which t h e r o l e of t u r b u l e n t convection on t h e s c a l a r spectrum is l e s s important f o r most wave numbers t h a n t h e r o l e of molec u l a r d i f f u s i o n .
it i s i n i t i a l l y s o and we reproduce t h e r e s u l t s of s e c t i o n 4 ( A ) . W e a l s o n o t e t h a t t h e i n e q u a l i t i e s as-
Consider a turbulence i n which t h e d i s t r i b u t i o n of X t h e concen-
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t r a t i o n o f s p e c i e s A i n pure mixing, is a c c u r a t e l y described by t h e following normal d i s t r i b u t i o n -where t h e mean ~( t ) and t h e mean square f l u c t u a t i o n s yA2(t) a r e determined by t h e t u~b u l e n t f i e l d , t h e i n i t i a l s t a t i s t i c a l s t a t e and DA. Since XA is t h e information accumulated i n t h e l i t e r a t u r e on one s p e c i e s t u r b u l e n t mixing.
CONCLUSIONS
The s t a t i s t i c a l d e s c r i p t i o n o f t h e r e a c t i n g f i e l d s a t t h e conclusion
o f t h e r e a c t i o n dominated first s t a g e a r e e a s i l y computed i n terms o f t h e i n it i a l d e s c r i p t i o n o f t h e d i s t r i b u t i o n of r e a c t a n t s . For t h e second, o r d i f f u s i o n 4 c o n t r o l l e d s t a g e it h a s been demonstrated f o r i n s t a n t a n e o u s r e a c t i o n s i n turbu-
l e n c e t h a t when D A =D B t h e mean s q u a r e c o n c e n t r a t i o n s of s p e c i e s A and B decay a t a time s c a l e e n t i r e l y determined by t h e t i m e s c a l e of t u r b u l e n t mixing o f a s i n g l e s p e c i e s whose i n i t i a l s t a t i s t i c a l d i s t r i b u t i o n i s t h e same a s rA-TB. When t h e two s p e c i e s have nonequal molecular d i f f u s i v i t i e s a s o l u t i o n f o r t h e mean square i n t e n s i t i e s has been proposed which again r e l a t e s the t i m e scale of decay of each species t o time scales e n t i r e l y associated with turbulent mixing of a single species.
For k i n e t i c reaction r a t e s which are not very rapid, no exact solu--z t i o n appears t o be possible. Closure approximation schemes w i l l be necessary similar t o those employed i n t h e study of turbulence dynamics9 except t h a t one must c l e a r l y be prepared t o confront strongly non-Gaussian and highly skewed concentration probability density functions.
